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Abstract
To investigate the relationship between reaction time (RT), stimulus intensity and visual ﬁeld eccentricity. We generated fre-
quency of seeing (FOS) curves and measured RTs by testing 10 perimetrically experienced normal subjects with a Humphrey pe-
rimeter controlled by a custom program. Subjects were tested from 10 to 50 eccentricity along the nasal horizontal meridian in 10
increments. A range of 20 dB, centered on threshold, was tested in 1 dB steps along with 60 and 0 dB intensities as catch trials.
Twenty repetitions for each intensity at each location were used. Linear regression showed a signiﬁcant increase in suprathreshold
RT (to the 0 dB stimulus) with increasing eccentricity. The RT at the calculated FOS 50% threshold was prolonged by about 200 ms
compared with the RT using the 0 dB target at the equivalent eccentricities. Also, when the diﬀerence between the RT at 0 dB
stimulus and the RT at threshold was regressed against visual ﬁeld eccentricity there was a signiﬁcant decrease with eccentricity.
When the RTpi (RT prolongation from threshold relative to the 0 dB stimulus) was plotted as a function of decreasing stimulus
attenuation, the results ﬁt the function RTpi ¼ aþ bi3 (i ¼ stimulus intensity) with r2 > 0:94 at all eccentricities. However, the slope
of the function ﬂattened with increasing eccentricity. Using conventional automated perimetry stimuli in perimetrically experienced
young subjects, suprathreshold RT increases but threshold RT prolongation decreases with increasing visual ﬁeld eccentricity. RT
ﬁts a power function with decreasing stimulus attenuation but the slope ﬂattens with eccentricity. This relationship found along the
nasal horizontal meridian may allow use of RT to cross-check threshold results or to deﬁne response windows for reliability indices
of conventional automated perimetry. Published by Elsevier Science Ltd.
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1. Introduction
The relationship between reaction time (RT) and
threshold in clinical perimetry has received little atten-
tion. Hall and von Kries ﬁrst reported, over a century
ago, that RT is shorter when light strikes the fovea
compared to when it strikes more peripheral retina (Hall
& von Kries, 1879). Poﬀenberger’s classic study from
1912 attempted to measure the time lost in synaptic
transmission. He studied responses to photopic stimuli
presented along the horizontal meridian at 3, 10, 30
and 45 on either side of the fovea. His light-adapted
subjects were presented a monocular suprathreshold
luminance stimulus of about 1 of visual angle with
about 4 ms duration. Each subject was tested 100 times
at each location except for the 45 location. Poﬀenberger
showed RT to photopic stimuli increased as distance
from the fovea increased and that RT was faster on the
nasal than the temporal side of the retina (Poﬀenberger
Jr., 1912).
Cattell in 1885 used a constant suprathreshold light
source and dimmed it with diﬀerent smoked glasses until
a luminance near threshold was obtained (Cattell, 1885).
He took the means of 150 reactions per subject and
found the longest RT with the stimuli nearest to
threshold; the greater the intensity of light, the shorter
the RT.
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Bartlett and MacLeod found curves relating RT to
threshold similar to Cattell. They derived a complicated
equation with three constants that related RT to stim-
ulus intensity (Bartlett & Macleod, 1954). The constants
varied among their subjects and with the area of visual
ﬁeld tested. Like Hall and van Kries, bright foveal ﬂa-
shes elicited reactions that had shorter RT than pe-
ripheral ﬂashes but when dim ﬂashes were used, the
peripheral ﬂashes had a shorter RT than the foveal
ﬂashes. Roufs’ experiment provides conﬁrmatory results
(Roufs, 1974).
Rains replicated Poﬀenberger’s experiment in three
trained subjects under four conditions of stimulus lu-
minance at nine positions along the horizontal meridian.
He also found with suprathreshold stimuli, RT was
shortest at the fovea and increased with visual ﬁeld ec-
centricity. Like Poﬀenberger he found RT in the nasal
visual ﬁeld was faster than in the temporal ﬁeld. He
suggested the data was best explained by the relative
densities of receptive ﬁelds (that are greater in the nasal
visual ﬁeld); the more receptive ﬁelds covered, the
greater the probability of triggering an impulse and
hence the shorter the RT (Rains, 1963).
Payne continued this line of investigation by stimu-
lating 24 test locations along the horizontal meridian
with four stimulus light intensities (Payne, 1966). He
also found RT increased directly with distance from the
fovea but there was a decrease at 17 along the hori-
zontal meridian (the retinal area corresponding to the
blind spot of the other eye). He noted this was the lo-
cation where the sum of rods and cones is most nu-
merous (Osterberg, 1935).
In a study using conventional automated perimetry,
Flammer and colleagues reported a signiﬁcant associa-
tion of a prolonged RT with an increase in threshold
(Flammer, Drance, & Schulzer, 1984). We conﬁrmed
this association in normals and glaucoma patients and
found no signiﬁcant diﬀerence between these two groups
in their threshold RT using conventional automated
perimetry stimuli (Wall, Maw, Stanek, & Chauhan,
1996).
Schiefer et al., 2001 investigated properties of the RT
in automated kinetic perimetry. They noted large inter-
individual diﬀerences in RT and showed that higher
luminance levels (stimulus: 41.6 and 110 cd/m2; back-
ground: 10 cd/m2) signiﬁcantly reduced RTs by a mean
of 16 ms. They also found a signiﬁcant increase of RT
with eccentricity of 1.8 ms/deg. Stimulus direction did
not have a signiﬁcant aﬀect on RT.
RT is now used in the Swedish Interactive Threshold
Algorithm (SITA) strategy in an adaptive way to
shorten the test time and to deﬁne an illegal response
window that is used to ﬂag false positive catch trials
(Bengtsson, Olsson, Heijl, & Rootzen, 1997; Olsson,
Bengtsson, Heijl, & Rootzen, 1997). It has not been
otherwise used in analysis routines of conventional au-
tomated perimetry. If RT has a predictable relationship
to threshold, it could be used as additional information
in predicting or cross-checking perimetric thresholds.
Our aim was to study the relationship between RT,
stimulus intensity and visual ﬁeld eccentricity relation-
ship in normal subjects in clinical perimetry with the
ultimate goal of using the RT data for visual ﬁeld
analysis. To evaluate the relationship between RT,
stimulus intensity and visual ﬁeld eccentricity in con-
ventional automated perimetry we studied 10 subjects at




Ten perimetrically experienced normal volunteers
gave informed consent to participate in the study. The
University of Iowa Institutional Review Board ap-
proved the protocol. The tenets of the Declaration of
Helsinki were followed. The normals were paid volun-
teers who were hospital employees or friends or family
members of eye clinic patients. The mean age of the
subjects was 29:3 7:7 years. The subjects had no his-
tory of eye disease except for refractive error and a
normal eye examination. They all had normal auto-
mated perimetry results using the Humphrey Visual
Field Analyzer full threshold program, Humphery
Instruments (San Leandro, CA) with test point pattern
24-2. The subjects were highly experienced at taking
conventional automated perimetry examinations.
2.2. Testing strategy
Conventional automated perimetry was ﬁrst per-
formed with the Humphrey Visual Field Analyzer using
the manufacturer’s recommendations with the program
24-2. This uses a 6 spaced grid of the central 21 plus
the 27, 3 and 27, 3 test locations. We used a
Goldmann size III (4 mm2) object on a 31.5 asb back-
ground. Thresholds were estimated at each test location
using a 4=2 staircase algorithm. The subject’s appro-
priate near correction was used when necessary using
wire rimmed lenses; subjects were not corrected for the
stimuli outside 30.
Frequency of seeing (FOS) curves were measured by
controlling the Humphrey Visual Field Analyzer with a
custom program run by a personal computer (IBM 486/
33) using the method of constant stimuli (Chauhan,
Tompkins, LeBlanc, & McCormick, 1993). The custom
program stored the RT as the time from stimulus onset
to the time of a button press. A pilot test was ﬁrst given
with two repetitions per intensity at each test location to
estimate the threshold. At ﬁve locations of increasing
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visual ﬁeld eccentricity along the nasal horizontal me-
ridian (10, 20, 30, 40 and 50), stimuli were presented
to a 10 dB range either side of the estimated threshold in
1 dB intervals with 20 repetitions at each stimulus in-
tensity. To balance for a fatigue eﬀect, all presentations
of stimulus intensity and location were randomized.
Therefore, unlike conventional perimetry where thresh-
old measurements occur towards the end of the exami-
nation, our study design balanced stimulus intensity
presented tested across time. In other words, just as
many dim stimuli were shown early in the examination
as at the end. Therefore, any RT prolongation due to
fatigue would be distributed across all intensities. All
subjects had their right eye tested and were asked to
respond quickly to the stimuli. Fixation was monitored
only by the visual ﬁeld technician using the video display
of the instrument.
To monitor for false positive and false negative re-
sponses, a 60 and 0 dB stimulus were also presented 20
times at each location. Therefore, each location was
tested a total of 460 times. This gave approximately a
2-h examination time. Frequent rest breaks were en-
couraged. Patients were told to take a rest break when
they noticed fatigue. For most patients this was every 5–
10 min; no set amount time was enforced. Subjects were
initially asked to respond as quickly as possible, then
reminded to respond quickly two more times during
testing.
2.3. Data analysis
FOS curves for each subject were computed by
plotting the percentage seen against stimulus intensity in
dB. A cumulative Gaussian curve was constructed and a
least squares ﬁt was calculated (Wall et al., 1996). The
intratest variability, as given by the standard deviation
of the ﬁtted curve and the r2 representing the ‘‘goodness
of ﬁt’’ of the data were calculated for each FOS curve.
The group means of the following variables were
analyzed:
FOS threshold: the stimulus intensity corresponding
to the 50% FOS of the ﬁtted curve.
RTt: RT at the FOS threshold.
RT0dB: RT to the 0 dB stimulus.
RTpt: RT prolongation at threshold ¼ RTt RT0dB.
RTi: RT at a given stimulus intensity.
RTpi: RT prolongation over various intensities re-
lated to threshold (for each value (RTpi ¼ RTi
RT0dB)).
2.4. Statistical analysis
The subjects’ data ﬁles were imported into Systat,
Systat Intelligent Software, Evanston, IL and Sigmas-
tat, Jandel Scientiﬁc, San Rafael, CA, for further sta-
tistical analysis. The primary outcome variables were all
normally distributed (Kolmogorov–Smirnov test, p >
0:05). All had similar variances (Levene median test,
p > 0:05). Therefore, we used parametric statistics for all
statistical tests. Linear regression was used to examine
the relationship between threshold and RT. Statistical
signiﬁcance was set at p < 0:05.
3. Results
Our subjects’ responses were well within accepted
reliability indices. False positive catch trial responses
were uncommon; the mean (SD) false positive rate was
0.5 (0:71) per subject. We observed no false negative
catch trial responses, also from 1000 trials. We found
the FOS curve thresholds and the corresponding inter-
individual slopes lowest near ﬁxation and both increased
with eccentricity (Figs. 1 and 2). The intraindividual
FOS curve standard deviations were also lowest near
ﬁxation and increased signiﬁcantly with eccentricity
ðp < 0:0001, Fig. 3Þ. This standard deviation, an esti-
mate of the slope of the FOS curve function is also
shown in Fig. 1. Note the increase in steepness of the
slope (decreasing variability) with increasing sensitivity
values. The r2 values, representing the goodness of ﬁt of
the FOS curves also decreased signiﬁcantly with visual
ﬁeld eccentricity ðp < 0:001, range ¼ 0:98–1Þ.
RT at the FOS threshold (RTt) and at the 0 dB in-
tensity (RT0dB) was analyzed for each test location. We
regressed mean RT0dB against visual ﬁeld eccentricity
and found an increase with increasing visual ﬁeld ec-
centricity ðy ¼ 10:4xþ 373:6, p ¼ 0:001, r2 ¼ 0:88, Fig.
4, bottom plotÞ. This relationship could not be explained
by the eﬀect of an increase in threshold with eccentricity
Fig. 1. Graph of the means of all 10 subject’s FOS data best ﬁts at the
ﬁve visual ﬁeld test locations. Note the monotonic increase in threshold
and steepness of the slope of the curves with decreasing eccentricity.
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ðp ¼ 0:55Þ although our power was low to detect this
relationship. The RT at the FOS threshold (RTt) was
lengthened by 200–250 ms compared to RT0dB and de-
creased with visual ﬁeld eccentricity but this small trend
was not statistically signiﬁcant (Fig. 4, top plot). There
was, however, a signiﬁcant increase in RT prolongation
at threshold (from the 0 dB value) with increasing visual
ﬁeld eccentricity RTpt ¼ 278:5 1:67VFE (linear re-
gression, p ¼ 0:03, r2 ¼ 0:82, VFE ¼ visual ﬁeld eccen-
tricity).
When the RT prolongation (graphed as RT reduction
from threshold) was plotted against decreasing stimulus
attenuation from threshold (Fig. 5), the results ﬁt the
function RTpi ¼ aþ bi3 with r2 > 0:94 at all eccentrici-
ties, however, the slope of the function ﬂattened with
increasing eccentricity. The intraindividual standard
deviations of the RT prolongation decreased with de-
creased stimulus attenuation (linear regression p <
0:0001, r2 ¼ 0:90, Fig. 6).
4. Discussion
We studied the RT of conventional automated peri-
metry with the goal of ﬁnding relationships that could
be used to help predict automated perimetry thresholds
Fig. 2. Fifty percent FOS threshold change with eccentricity. Error
bars represent one standard deviation. Note the increase in variability
with eccentricity.
Fig. 3. FOS curve slope as estimated by the standard deviation in-
creases with visual ﬁeld eccentricity. Error bars represent one standard
deviation.
Fig. 4. Mean RT at each test location for threshold and supra-
threshold stimuli. Dashed lines represent 95% conﬁdence interval.
Note the signiﬁcant slight increase in RT0dB with eccentricity.
Fig. 5. RT prolongation (shown as reduction) from threshold as a
function of decreasing attenuation to threshold for the 10 subjects
ðy ¼ aþ bx3Þ at 10 and 50; the data from 20, 30 and 40 was in-
termediate.
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without adding overhead to an already time-consuming
test. Like others (Bartlett & Macleod, 1954; Cattell,
1885; Roufs, 1974), we found that the closer the stimulus
was to threshold, the longer the RT. This relationship
was predictable; it ﬁt the function RT ¼ aþ bi3 with an
excellent goodness of ﬁt (Fig. 5). We have previously
reported a similar pattern for glaucoma patients (Wall
et al., 1996) and for comparison, we ﬁt Cattell’s data
(Cattell, 1885) to this function and it had an r2 of 0.82.
We also found a signiﬁcant increase in suprathresh-
old RT (to the 0 dB stimulus) with increasing visual ﬁeld
eccentricity. The RT at threshold was prolonged by
about 200 ms compared with the RT to the 0 dB target.
RT to luminance stimuli is a function of stimulus
strength (intensity, duration and size), background il-
lumination, noise from the spontaneous discharge of
visual system cells and degree of uncertainty of stimulus
perception. Lennie studied the relationships between
these variables to luminance stimuli in anesthetized cats
(Lennie, 1981). Intensity was clearly related to latency of
discharge of retinal ganglion cells. His data for scotopic
conditions, similar to ours for mesopic conditions, show
about a 150 ms diﬀerence between threshold and su-
prathreshold responses for the dark adapted eye. His
reported rate of increase in latency is similar to our
data; the latency is about half when the eye is light
adapted.
The probability of detection of stimuli near threshold
increases with stimulus strength. This relationship, the
‘‘psychometric function’’, is probabilistic. Whether per-
ception occurs depends on both the stimulus-related
neuronal ﬁring and the spontaneous neuronal ﬁring
(noise). This noise accounts for a considerable amount
of the observed variability and adds to the uncertainty
related to stimulus perception (Tolhurst, Movshon, &
Dean, 1983).
Uncertainty of stimulus perception is another im-
portant factor in the psychophysics of the RT (Tanner,
1961). This uncertainty may come from either the
stimulus or the subject. Pelli’s uncertainty model as-
sumes the subject is expecting one of many possible
stimuli and chooses the likeliest. Pelli states the uncer-
tainty model is actually a combination of probability
summation (Nachmias, 1981) and the caution exercised
in responding (criterion). These two factors along with
signal strength and noise can be used to model uncer-
tainty. This model explains the observation that the
detectability of a stimulus (d 0) is a power function of
contrast (Pelli, 1985). This model accounts for the rise in
RT as a power function as we observed.
Flammer et al. studied covariates of long-term ﬂuc-
tuation in normals, glaucoma suspects and glaucoma
patients. They reported a relationship between reversible
changes in visual threshold and (1) reversible changes in
the short-term ﬂuctuation, (2) intraocular pressure and
(3) the RT. They concluded RT varied inversely with
threshold (Flammer et al., 1984). Our data on prolon-
gation of RT at threshold from the 0 dB stimulus instead
show a decrease in RT with lower threshold although
this is likely due to eccentricity rather than threshold
per se.
Brigell et al. used saccadic eye movement latencies to
study the increase in eye movement initiation time as-
sociated with increasing visual ﬁeld eccentricity. They
point out this increase in latency is counter intuitive
since there are larger, faster conducting ﬁbers subserving
the peripheral visual ﬁeld. They scaled their stimuli for
changes in spatial summation (to the cortical magniﬁ-
cation factor). With this correction, they found saccadic
latency did not increase with visual ﬁeld eccentricity.
They concluded the classic increase in latency with ec-
centricity is the result of a mismatch between stimulus
and receptive ﬁeld size in the peripheral visual ﬁeld
(Brigell, DeMarco, Roveri, & Celesia, 1995).
In clinical practice, the SITA uses RT data from the
subject’s test to determine false positive catch trials.
Using this method, the ‘‘listen time’’ is deﬁned as the
time from stimulus onset to the minimum RT which is
0–180 ms (Bengtsson et al., 1997; Olsson et al., 1997).
The program ‘‘listens’’ for responses during this 180 ms
epoch and tabulates the total number of subject re-
sponses that illegally occur in this interval. These are
listed as false positive catch trials as opposed to the
traditional method of tabulating responses by presenting
stimulus blanks. Our data suggests the 180 ms time
window is well within the minimum RT for conventional
automated perimetry using the Humphrey perimeter.
Our fastest RT mean at the 0 dB stimulus was 328
19:4 ms. Therefore, the listen period might be safely
Fig. 6. Mean of all eccentricities of the RT prolongation (shown as
reduction) from threshold with decreasing attenuation to threshold for
the 10 subjects. Error bars represent one standard deviation of the
average of the standard deviations at that attenuation for each indi-
vidual (intraindividual standard deviations). Note the increase in the
standard deviations as threshold is approached.
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increased and its accuracy for estimating the false posi-
tive rate improved.
The SITA strategy also uses RTs to adjust the du-
ration of response windows. The response window is
shortened based on the subjects RT in an eﬀort to let the
subject self-pace and accelerate the test.
Our data show a strong relationship between RT
prolongation and both eccentricity and threshold. This
relationship suggests RT prolongation might be used
as an index of a reliable subject response or as a cross-
check of threshold. This calculation requires knowing
the RT to the 0 dB stimulus. The 0 dB stimulus is used in
the Octopus program 32 threshold strategy for deter-
mining false negative catch trials but is not employed by
Humphrey Instruments’ perimetry software. False neg-
ative catch trials with the Humphrey 24-2 program are
calculated by adding 9 dB to the intensity of a stimulus
previously seen. This stimulus was chosen to prevent
errors in threshold measurement due to an afterimage.
While the 9 dB brighter stimulus works very well for
normal sensitivity test locations, when used in areas of
greater than 9 dB loss, it results in error in the false
negative calculation (Bengtsson & Heijl, 2000). (This
error, when it occurs, does not appear to be as much of a
problem with the Octopus strategy that uses the 0 dB
stimulus for all false negative catch trial calculations.)
The explanation for these errors is, since the FOS
curve slope becomes shallow after 10–20 dB loss (Wall,
Kutzko, & Chauhan, 1997), is likely that the 9 dB
brighter stimulus will be missed a meaningful number of
times. Use of the 0 dB stimulus would provide for the
fewest errors in this false positive catch trial calculation.
If this 0 dB stimulus was used for false negative catch
trials, and also for a representative sample of other test
locations, the RT prolongation could be calculated. This
might aid in the prediction of, and cross-checking of
threshold. For example, if a threshold measure was de-
termined that had a short RT, a progressively dimmer
stimulus could be given until response near the pre-
dicted RT is obtained. This value could be used as the
threshold.
A weakness of the study is that we tested only peri-
metrically experienced normal subjects. Future studies
will be needed to conﬁrm that the results hold for
perimetrically na€ıve and older subjects, that they occur
with diseases aﬀecting vision and in other areas of the
visual ﬁeld besides the nasal horizontal meridian.
In summary, using a clinical perimeter to measure
responses to light increment stimuli, we found an in-
crease in RT with increasing visual ﬁeld eccentricity to a
suprathreshold stimulus. When the RT from the 0 dB
stimulus was subtracted from the RT at threshold, we
found a decrease in the mean RT by location with in-
creasing visual ﬁeld eccentricity. In addition, RT de-
creases with decreasing stimulus attenuation (following
a power function), as does its standard deviation. This
relationship may allow use of RT to recheck threshold
measurements or to deﬁne a legal response window to be
used as a reliability index.
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